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Abstract
We propose a new SU(6)⊗U(1)X GUT model free from anomalies, with a 750 GeV scalar candidate
which can decay into two photons, compatible with the recent diphoton signal reported by ATLAS and
CMS collaborations. This model gives masses to all fermions and may explain the 750GeV signal through
one loop decays to γγ with charged vector and charged Higgs bosons, as well as up- and electron-like
exotic particles that arise naturally from the condition of cancellation of anomalies of the SU(6)⊗U(1)X
group. We obtain, for different width approximations, allowed mass regions from 900 GeV to 3 TeV for
the exotic up-like quark, in agreement with ATLAS and CMS collaborations data.
1 Introduction
Recently the ATLAS and CMS collaborations reported a diphoton signal excess with invariant mass of 750
GeV [1, 2] which has been the subject of many interpretations in the literature using different extensions of
the standard model (SM) [3, 4, 5, 6, 7, 8, 9, 10, 11]. In this work, we consider the SU(6)⊗ U(1)X extension
proposed in [13] in the framework of the flipped SU(6) models [12] as a feasible model that may explain
the diphoton excess. These kind of flipped models have very interesting features. First, by requiring a high
breaking scale (∼ 1017 GeV) for the flipped SU(6) and its SU(5) subgroup [14] the proton decay problem can
be avoid. Second, they are able to solve the doublet-triplet splitting problem through the pseudo-Goldstone
mechanism as in SU(6) [15, 16] and [SU(3)]3 [17]. Also, they provide unification of gauge couplings as in
the flipped SU(5) model [18, 19]. Finally, these models may develop see-saw masses compatible with the
phenomenological active neutrinos [20, 21] if one singlet heavy state is introduced.
The SU(6)⊗U(1)X extension considered here contains the SU(3)C ⊗ SU(3)L ⊗U(1)X model (hereafter
331 model) [22, 23, 24, 25] as a subgroup that allow us address the observed diphoton excess through new
exotic charged Higgs bosons into the loop at the TeV scale. In the flipped model, the U(1)X symmetry
changes the exotic down type quark (charge −1/3) by an up type quark (charge 2/3) in the multiplets, which
increases the coupling with photons and gluons into the loop, resulting in a significantly enhanced pp→ γγ
cross section, compatible with the reported data.
The 331 model can be embedded into the grand unified group SU(6)⊗U(1)X with the following sponta-
neous symmetry breaking (SSB) chain:
SU(6)⊗ U(1)X
Φ−−→ SU(3)C ⊗ SU(3)L ⊗ U(1)X
H1,HS−−−−−→
SU(3)C ⊗ SU(2)L ⊗ U(1)Y
H2,H3,HS−−−−−−−−→ SU(3)C ⊗ U(1)Q
(1)
which are mediated by the five Higgs fields Φ, H1, H2 , H3 and HS in the 35, 6¯, 6¯ ,1¯5 and 1¯5 representations,
respectively. From the mixing of the real components of the fields H1 and HS we will obtain two real scalar
fields, our candidate for the 750 GeV signal (ξ), and the other at the TeV scale (ξ′).
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This paper is organized as follows. In section 2, we show the particle content of a SU(6)⊗ U(1)X model
as an anomaly free theory which contains the 331, 321 and 31 subgroups and their SSB scheme. We describe
the Yukawa Lagrangian showing that four Higgs fields are sufficient to give masses to all fermions. We
also show the most general Higgs potential terms compatible with the symmetries and identify the relevant
quartic couplings that will induce the process pp→ ξ → γγ. Section 3 is devoted to explore allowed regions
consistent with the reported cross section of the 750 GeV signal. Finally, in section 4, we summarize our
conclusions.
2 SU(6)⊗ U(1)X model
SU(6)⊗ U(1)X strong-electroweak models provide us a new framework which contains 331 and SM models
for one family of fermions as effective low energy field theories. In order to include the three families we
consider replicas of the first family as in the SM. Below, we describe some remarkable properties of these
models.
• The cancellation of the [SU(6)]3, [SU(6)]2U(1)X , [Grav]2U(1)X and [U(1)X ]3 chiral anomaly equations,
shown in reference [13], provide us a set of multiplets with non-trivial U(1)X charges which are family
independent. We require two sextets 6¯, one antisymmetric 15 multiplet and three singlets with charges
X6¯ = −2/3, X15 = 1/3 and X1 = 1, respectively.
• The symmetry breaking SU(6)→ SU(3)C ⊗ SU(3)L ⊗ U(1)Y ′ gives us the following branching rules:
6¯ = (3¯C ⊗ 1L)1/3 ⊕ (1C ⊗ 3L)−1/3, (2)
15 = (3¯C ⊗ 1L)2/3 ⊕ (1L ⊗ 3L)−2/3 ⊕ (3C ⊗ 3¯L)0, (3)
where (n ⊗ m)Y ′ are tensorial products of n SU(3)C multiplet with m SU(3)L multiplets and Y ′
corresponds to the U(1)Y ′ quantum number normalized as 2Y ′/
√
3, where:
Y ′ = 1
2
√
3
diag
(
+1 +1 +1 −1 −1 −1 ) . (4)
This gives us the following multiplets for the first family:
ψL =

uc
uc
uc
νe
e−
E−

L
χL =

U c
U c
U c
NE
E−1
E−2

L
ΨL =

0 dc −dc d u U
−dc 0 dc d u U
dc −dc 0 d u U
−d −d −d 0 νce1 −N cE1
−u −u −u −νce 0 E+1
−U −U −U N cE −E+1 0

L
(5)
1 : e+L , E
+
L , E
+
2L, νSL (6)
where U is a new up-like quark, E−, E−1 and E−2 are new exotic charged leptons and νe1R, NEL
and NER1 are new neutrinos. In order to obtain fermion mass hierarchies among families, discrete
symmetries can be introduced to obtain suitable mass matrix ansatz. The additional sterile neutrino
νS with XS = 0 is necessary to produce see-saw mechanisms between neutrinos [26, 27, 28].
• The covariant derivatives for each type of multiplets are defined as follows:
Dµψa = ∂µψa + i
(
g6A
α
µ(Tα)ba
)
ψb + igX (X6¯)
b
aX
′µψb, (7)
DµΨab = ∂µΨab − i
(
g6A
α
µ(Tα)abcd
)
Ψcd − igX (X15)abcdX ′µΨcd, (8)
where Latin indices run from 1 to 6, while Greek indices run from 1 to 35. The15 generators are given
by (Tα)abcd = (Tα)acδbd + δac(Tα)bd.
• Gauge bosons are described by the 35 = 3¯5 adjoint representation which obey the branching rule
35 = (8⊗ 1)0 ⊕ (1⊗ 8)0 ⊕ (3⊗ 3¯)2/3 ⊕ (3¯⊗ 3)−2/3 ⊕ (1⊗ 1)0, (9)
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where (8 ⊗ 1)0 are identified as QCD gluons; (1 ⊗ 8)0 are electro-weak gauge bosons which contains
W±µ , W±3µ, W 03µ, W
0
3µ, A3µ and A8µ bosons; (1⊗1)0 is a neutral boson BY ′µ from the U(1)Y ′ symmetry,
and (3⊗ 3¯)2/3 and (3¯⊗ 3)−2/3 are new leptoquark bosons: Xµ with electric charge 2/3, and Y1µ and
Yµ2 with electric charge −1/3, which induces quark-lepton interchange processes. Their corresponding
multiplet is:
A = 1√
2

G11 G
1
2 G
1
3 X
1c Y 1c1 Y
1c
2
G21 G
2
2 G
2
3 X
2c Y 2c1 Y
2c
2
G31 G
3
2 G
3
3 X
3c Y 3c1 Y
3c
2
X1 X2 X3 D1 W
+ W+3
Y 11 Y
2
1 Y
3
1 W
− D2 W 03
Y 12 Y
2
2 Y
3
2 W
−
3 W
0
3 D3
 (10)
where G11 + G22 + G33 = 0. D1 = A3/
√
2 + A8/
√
6, D2 = −A3/
√
2 + A8/
√
6 and D3 = −
√
2A8/
√
3
are the diagonal SU(3)L gauge fields. In addition, there is a new electrically neutral vector boson Xµ
from U(1)X symmetry. In total, the SU(6) ⊗ U(1)X group has 36 gauge bosons: eight gluons, eight
electroweak bosons, eighteen leptoquark bosons and two electrically neutral bosons.
• Electric charge are constructed using all diagonal generators of SU(6)⊗ U(1)X :
Q = aT3 +
2b√
3
T8 +
2c√
6
T15 +
2d√
10
T24 +
2e√
15
T35 +XI6, (11)
where the a, b, c, d, e and f constants are fixed such that the electric charge match with each charge
from the multiplets. We find
Q = T3L − 12√6T15 −
1
2
√
10
T24 +
2√
15
T35 +XI6 = T3L +
Y
2 , (12)
where Y is the usual hypercharge operator of the SM.
• The fermions contained in the model have the charges listed in Table 1.
Left-handed
T3L X Y Q
u +1/2 +1/3 +1/3 +2/3
d −1/2 +1/3 +1/3 −1/3
U 0 +1/3 +4/3 +2/3
νe +1/2 −2/3 −1 0
e− −1/2 −2/3 −1 −1
NE +1/2 −2/3 −1 0
E−1 −1/2 −2/3 −1 −1
E− 0 −2/3 −2 −1
E−2 0 −2/3 −2 −1
Right-handed
T3L X Y Q
u 0 +2/3 +4/3 +2/3
d 0 +1/3 −2/3 −1/3
U 0 +2/3 +4/3 +2/3
νe1 0 −1/3 0 0
e− 0 −1 −2 −1
NE1 +1/2 −1/3 −1 0
E−1 −1/2 −1/3 −1 −1
E− 0 −1 −2 −1
E−2 0 −1 −2 −1
Table 1: Quantum numbers for the fermionic sector of the model.
• The scalar sector is introduced to obtain the correct SSB chain. The two last symmetry breakings are
fulfilled using two Higgs fields represented by sextets 6¯ with XH1,H2 = 1/3. The directions of their
VEV, V1 and v2, are selected to obtain electrically neutral vacua. In addition, V1 is at the TeV scale
while v2 is at the electroweak scale. Two additional Higgs fields represented by 1¯5 multiplets with
XH3 = −2/3 and XHS = 1/3 are introduced to give masses to down quarks and neutrinos, respectively.
The first SSB needs a Higgs field from 35 adjoint representation with the following VEV:
〈Φ〉0 = VGUT diag
(
+1 +1 +1 −1 −1 −1 ) , (13)
3
where VGUT ∼ 1017 GeV breaks the gauge symmetry to SU(3)C⊗SU(3)L⊗U(1)Y ′ providing masses to
the leptoquark bosons. For the second and third SSBs, we define the following Higgs scalar multiplets:
H1 =

φ
1/3
1
φ
1/3
1
φ
1/3
1
ϕ+1
ϕ01
ξ1+V1+iζ1√
2

, H2 =

φ
1/3
2
φ
1/3
2
φ
1/3
2
ϕ+2
h2+v2+iη2√
2
ϕ02

(14)
H3 =

0 φ2/33 −φ2/33 φ4/33 φ1/331 φ1/332
−φ2/33 0 φ2/33 φ4/33 φ1/331 φ1/332
φ
2/3
3 −φ2/33 0 φ4/33 φ1/331 φ1/332
−φ4/33 −φ4/33 −φ4/33 0 φ+3 −ϕ+3
−φ1/331 −φ1/331 −φ1/331 −φ+3 0 h3+v3+iη3√2
−φ1/332 −φ1/332 −φ1/332 ϕ+3 −h3+v3+iη3√2 0

, (15)
HS =

0 φ−1/3S −φ−1/3S φ1/3S φ−2/3S1 φ−2/3S2
−φ−1/3S 0 φ−1/3S φ1/3S φ−2/3S1 φ−2/3S2
φ
−1/3
S −φ−1/3S 0 φ1/3S φ−2/3S1 φ−2/3S2
−φ1/3S −φ4/33 −φ4/33 0 ξS+VS−iζS√2 −
hS+vS−iηS√
2
−φ−2/3S1 −φ−2/3S1 −φ−2/3S1 − ξS+VS−iζS√2 0 ϕ
+
S
−φ−2/3S2 −φ−2/3S2 −φ−2/3S2 hS+vS−iηS√2 −ϕ
+
S 0

, (16)
where V1, VS  v2, v3, vS ∼ 246GeV. In this way, the SSB chain is given by Eq.(1).
• Vector boson masses: there are two electroweak SSBs in the low-energy SU(3)L ⊗ U(1)X model, the
first V at TeV and the second at v GeV scale. After the TeV SSB SU(3)L⊗U(1)X → SU(2)L⊗U(1)Y
the gauge bosons A8µ and Xµ mix them together into the weak hypercharge boson Bµ and a new
massive electrically neutral gauge boson ZXµ trough the following mixing matrix with the mixing angle
tan θX = −
√
3g/gX , (
B
ZX
)
=
(
cos θX − sin θX
sin θX cos θX
)(
A8
−X
)
. (17)
The new gauge coupling constant is the electroweak hypercharge g′ = gX sin θX = −
√
3g cos θX . The
gauge bosons W±3µ, W 03µ and W
0
3µ acquire the same mass MW3 which is related to MZX by sin θW in
the following way
MW3 =
gV
2 , MZX =
gV√
3 sin θX
= 2√
3
MW3
sin θX
(18)
where V 2 = V 21 + 2V 2S . In addition, the ξ gauge couplings are given by
LξVV = V g
2
3 sin2 θX
ξZXµZ
µ
X +
Vg2
2 ξW
−
3µW
+µ
3 +
Vg2
2 ξW
0
3µW
0µ
3
=
M2Z1
V
ξZXµZ
µ
X + 2
M2W3
V
ξW−3µW
+µ
3 + 2
M2W3
V
ξW 03µW
0µ
3 .
(19)
Here ξ does not couple to Bµ because MB = 0. Secondly, for the GeV SSB SU(2)L ⊗ U(1)Y → U(1)Q
will bring the well-known gauge boson mixing through the Weinberg angle tan θW = g′/g(
ZW
A
)
=
(
cos θW − sin θW
sin θW cos θW
)(
A3
B
)
. (20)
The new gauge coupling constant is the electromagnetic charge e = g2 sin θW = gY cos θW and the new
gauge boson masses are
MW+3
= g2
√
V 2 + v2, MW 03 =
gV
2 , MW
+ = gv2 (21)
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where v2 = v22 + 2v23 + 2v2S = (246 GeV)2. In addition, ZWµ and ZXµ acquire the following masses
MZW =
gv
2 cos θW
= MWcos θW
, MZX =
2√
3
MW3
sin θX
. (22)
There is an additional gauge boson mixing between the two neutral ZW and ZX through the mixing
angle tan θZ ∝ v2/V 2, (
Z
Z ′
)
=
(
cos θZ sin θZ
− sin θZ cos θZ
)(
ZW
ZX
)
(23)
obtaining the physical gauge boson masses Z and Z ′,
MZ ≈MZW
√
1 +O
(
v2
V 2
)
, MZ′ ≈MZX
√
1−O
(
v2
V 2
)
(24)
2.1 Yukawa Lagrangian
The Yukawa Lagrangian that describes interactions between the Higgs and the fermion sector is the following
−LYukawa =
∑
i=1,2
(ψTLaCˆhψiΨabL Hib + ψTLaCˆhψeiHai e+L + ψTLaCˆhψEiHai E
+
L + ψTLaCˆhψE2iHai E
+
2L
+ χTLaCˆhχiΨabL Hib + χTLaCˆhχeiHai e+L + χTLaCˆhχEiHai E
+
L + χTLaCˆhχE2iHai E
+
2L)+
+ h3abcdefΨTabL CˆΨdcL H
ef
3 + ΨTL
ab
CˆhSHSabνSL + νTSLCˆMSνSL + h.c, (25)
where a, · · · , f = 1, · · · , 6. The terms ψTLaCˆhψiΨabL Hib and χTLaCˆhχiΨabL Hib give masses to up quarks and
leptons at the order of 〈Hi〉 and with Yukawa coupling constants hψi and hχi. Terms containing couplings
with singlet leptons, as for example ψTLaCˆhψeiHai e+L , give masses to e
+
L , E
+
L and E
+
2L with coupling constants
hψei, hψEi and hψE2i, respectively. The term that contains couplings with the scalar fields H3, gives masses
to down quarks with coupling constant h3. The last two terms in Eq. (25) induce see-saw neutrino masses
[29, 30, 31, 32], where νSL is a Majorana neutrino of mass MS which is fixed to give a light neutrino νe, with
mass at the order of eV.
First, for up quarks, we obtain the following non-diagonal mass matrix,
M0uU =
(
hψ2v2 hψ1V1
hχ2v2 hχ1V1
)
(26)
By diagonalizing the symmetric matrix
(
M0uU
)T
M0uU , we obtain the following masses
mU ≈
√
h2χ1 + h2ψ1
2 V1,
mu ≈ hχ1hψ2 − hψ1hχ2√
h2χ1 + h2ψ1
v2. (27)
Charged leptons acquire masses through the following mass matrix in the (e−, E−, E−1 , E−2 ) basis,
ME =

hψe2v2 hψE2v2 hψ1V1 hψE22v2
hψe1V1 hψE1V1 −hψ2v2 hψE21V1
hχe2v2 hχE2v2 hχ1V1 hχE22v2
hχe1V1 hχE1V1 −hχ2v2 hχE21V1
 , (28)
while neutrinos acquire masses through the following mass matrix in the (νe, νce1, NE , N cE1, νS) basis,
MN =

0 hψ2v2 0 −hψ1V1 0
hψ2v2 0 hχ2v2 0 hSVS
0 hχ2v2 0 −hχ1V1 0
−hψ1V1 0 −hχ1V1 0 hSvS
0 hSVS 0 hSvS MS
 . (29)
Finally, the down quark acquire mass proportional to 〈H3〉 = v3,
md =
√
2h3v3. (30)
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2.2 Higgs potential
The interactions between the four Higgs bosons are described by the following scalar potential,
V (H1, H2, H3, HS ,Φ) =− µ21H†1H1 − µ22H†2H2 − µ23Tr(H†3H3)− µ2STr(H†SHS)2 − µ2ΦTr(Φ)2+
λ1(H†1H1)2 + λ2(H
†
2H2)2 + λ3Tr(H3)4 + λ′3(Tr(H3)2)2+
λSTr(HS)4 + λ′S(Tr(HS)2)2 + λΦTr(Φ)4 + λ′Φ(Tr(Φ)2)2+
λ12(H†1H1)(H
†
2H2) + λ1S(H
†
1H1)Tr(H
†
SHS)2 + λ′1S(H
†
1(HS)2H1)+
λ13(H†1H1)Tr(H3)2 + λ′13(H
†
1(H3)2H1) + λ2S(H
†
2H2)Tr(H
†
SHS)2+
λ′2S(H
†
2(HS)2H2) + λ23(H
†
2H2)Tr(H3)2 + λ′23(H
†
2(H3)2H2)+ (31)
λ3S(TrH23 )(TrH2S) + λ′3STr(H
†
3H3H
†
SHS) + λ′′3STr(H
†
3H
†
SHSH3)+
λ1Φ(H†1H1)Tr(HΦ)2 + λ′1Φ(H
†
1(HΦ)2H1) + λ2Φ(H
†
2H2)Tr(HΦ)2+
λ′2Φ(H
†
2(HΦ)2H2) + λSΦ(TrH2S)(TrΦ2) + λ′SΦTr(HSΦHSΦ)+
λ′′SΦTr(ΦHSHSΦ) + λ3Φ(TrH23 )(TrΦ2) + λ′3ΦTr(H3ΦH3Φ)+
λ′′3ΦTr(ΦH3H3Φ).
From H2, H3 and HS (equations (14), (15) and (16)) we obtain three electroweak Higgs doublets which
breaks SU(2)L × U(1)Y into U(1)Q. They are expressed as follow,
H2EW =
(
ϕ+2
h2+v2+iη2√
2
)
, H3EW =
(
ϕ+3
h3+v3+iη3√
2
)
, HSEW =
(
ϕ+S
hS+vS+iηS√
2
)
(32)
Thus, the model contains an effective three Higgs doublet model. For the charged sector, ϕ±2 , ϕ±3 and ϕ±S
rotate into the Goldstone bosons G± associated to W±, and the physical charged Higgs bosons H±1 and H±2 .
2.3 Couplings with ξ
As we mentioned before, from the mixing terms between the real fields ξ1 in H1 and ξS in HS , we obtain two
real scalar fields: our candidate for the 750 GeV signal ξ, and one ξ′ at the TeV scale. In particular, we are
interested in the following trilinear terms coming from the quartic couplings between the weak multiplets of
the Higgs potential Eq.((31)),
Vtrilinear = λH1V ξH+1 H−1 + λH2V ξH+2 H−2 + λ13V ξφ+3 φ−3 (33)
where λH1 and λH2 are linear combinations of λ12, λ13 and λ1S . The field φ±3 is a charged singlet Higgs-like
boson coming from the 15-dimensional representation H3 in Eq.(15). For simplicity, we choose λH = λH1 ∼
λH2 ∼ λ13. Thus, the equation (33) becomes
Vtrilinear = λHV ξ
(
H+1 H
−
1 +H+2 H−2 + φ+3 φ−3
)
. (34)
For the vector boson sector, for simplicity and following [33] we consider general interactions of the form
gγW3W3 = κgSMZWW , gγH+H− = λ (p1 − p2)µ (35)
gZW3W3 = κ′gSMZWW , gZH+H− = λ′ (p1 − p2)µ , gZH+W−3 = ηmW3g
µν . (36)
In addition, from the fact that the scalar boson ξ has not electroweak isospin and hypercharge, its couplings
with the A3µ and Bµ gauge bosons are completely null, hence after the electroweak SSB at the GeV scale the
ξ boson remains without interaction with Aµ and ZWµ. Moreover, as the gauge bosons ZWµ and ZXµ mix
them together into the physical gauge bosons Zµ and Z ′µ, there could be some interaction between ξ and Zµ.
However, it is strongly suppressed by the Z−mixing angle tan θZ ∝ v2/V 2.
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Figure 1: One loop processes involved in the decay widths Γgg and Γγγ . In this figure, f = {U, E−, E−1 , E−2 }.
Finally, for the fermionic sector, the flavor eigenstates of quarks are related to their mass eigenstates
trough the following mixing matrix,
u′
c′
t′
U ′
C ′
T ′
 =

Ruu Ruc Rut RuU RuC RuT
Rcu Rcc Rct RcU RcC RcT
Rtu Rtc Rtt RtU RtC RtT
RUu RUc RUt RUU RUC RUT
RCu RCc RCt RCU RCC RCT
RTu RTc RTt RTU RTC RTT


u
c
t
U
C
T
 . (37)
The off-diagonal blocks mix SM and non-SM quarks. In particular, the t and U quarks are related by(
t′
U ′
)
=
(
Rtt RtU
RUt RUU
)(
t
U
)
(38)
where Rtt = RUU = cos θtU and RUt = −RtU = sin θtU ∝ v2/V1. Since v2/V1  1 the mixing between t and
U is small resulting in the suppression of the coupling between ξ and t. In the same way the off-diagonal
components of the mixing matrix in Eq. (37) are proportional to v2/V1 resulting in the suppression of these
mixing terms splitting the up-quark sector in SM and non-SM up-quarks.
3 Diphoton decay
For the analysis of the diphoton decay, we take into account all the possible decay modes of the 750 GeV
candidate. Firstly, the masses of charged Higgs bosons H±1,2 and φ±3 are at the TeV scale, so the decay of
ξ at tree level into these charged Higgs bosons in the model is kinematically forbidden. Secondly, when the
SSB SU(3)L → SU(2)L takes place, UL does not acquire a SU(2)L quantum number resulting in a SU(2)L
singlet. As a consequence of that, the decay ξ → WW is forbidden too. Thirdly, the ξ → ZZ decay is
negligible at tree-level as it is suppressed by the Z−mixing angle tan θZ ∝ v2/V 2. Similarly, the ξ → tt decay
is negligible at tree-level as the ξ − t coupling is proportional to sin θtU ∝ v2/V1. Finally, the decay ξ → hh
is strongly constrained by ATLAS and CMS at 95%CL [34]. In this way, we obtain the following total decay
width for ξ,
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Figure 2: Contour plots of the production cross-section σ(pp → ξ → γγ) in femtobarns. The dashed line
corresponds to the central value at 6 fb, and the shaded bands corresponds to regions at 68.3% (green), 95.5%
(yellow) and 99.7% (light blue) C.L. exclusion limits from ATLAS and CMS combined data.
Γ = Γγγ + Γgg + ΓZγ + ΓZZ . (39)
The experimentally reported width of the resonance ranges between 0 and 100 GeV, and can be larger
(‘broad’) or smaller (‘narrow’) than the experimental resolution of about 6-10 GeV [35]. The best-fit width
reported by the ATLAS Collaboration is Γ ∼ 45 GeV ∼ 0.06mξ. So, in view of some tension with the CMS
data we use three approximations for the decay width:
• A width approximation given by the experimentally reported width from the ATLAS Collaboration
Γ = 45 GeV.
• A width approximation for a narrower resonance with Γ = 1 GeV.
• An approximation given only by one loop contributions, Γ = Γγγ + Γgg + ΓZγ + ΓZZ .
Following [33, 36] the decay rates of ξ are given by
Γ(ξ → γγ) = α
2h2Um
3
ξ
512pi3m2U
∣∣∑
i
NciQ
2
iFi
∣∣2,
Γ(ξ → gg) = α
2
sh
2
Um
3
ξ
64pi3m2U
∣∣∑
i
Fi
∣∣2,
Γ (ξ → Zγ) = α
2h2Um
3
ξ
64pi3m2U
(
1− m
2
Z
m2ξ
)3 ∣∣∣∣∣7κ2cw2sw + 23 ∑i NciQ2i + λ
2
24piα
∣∣∣∣∣
2
,
Γ (ξ → ZZ) = α
2h2Um
3
ξ
128pi3m2U
P
(
m2Z
m2ξ
)∣∣∣∣∣7κ2cw22sw2 − 23 ∑i NciQ2i − λ
2
24piα −
η2
96piα
∣∣∣∣∣
2
(40)
where P(x) = √1− 4x (1− 4x+ 6x2) is a factor correcting the massive final states in the decay width.
Here, h2U = (h2χ1 +h2ψ1)/2 , i.e, we assume the same Yukawa coupling for the three families for simplicity and
with the same mass mU and we have made κ = κ′, λ = λ′. The functions Fi
Fi(τi) =

2 + 3τi + 3τi(2− τi)f(τi) i = 1
−2τi [1 + (1− τi)f(τi)] i = 1/2
1
2τi [1− τif(τii)] i = 0
(41)
are spin dependent functions for the loop factor. For τi > 1 the function f(τi) is
f(τi) =
[
arcsin
(
1√
τi
)]2
. (42)
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Figure 3: Different decay channels for the 750 GeV candidate at one loop level.
with τi = 4m2i /m2ξ , where the masses of the particles into the loop are mi > 375 GeV.
3.1 Production cross section
The total cross section σ(pp→ ξ → γγ) in the narrow width approximation is given by
σ(pp→ ξ → γγ) = CggΓ(ξ → gg)
s mξΓ
Γ(ξ → γγ). (43)
where
Cgg =
pi2
8
1ˆ
mξ/s
dx
x
g(x)g(m2ξ/sx) (44)
is the dimensionless partonic integral computed at the scale µ = mξ = 750 GeV and center of mass energy√
s = 13 TeV, obtaining Cgg = 2137 [37]. For the analysis we have taken the combined-rescaled results for
the cross section from CMS and ATLAS, σ(pp → ξ → γγ) = (2 − 8) fb equally valid for √s = 8 TeV and
Cgg = 174[34].
Fig. 1 shows all the possible one loop contributions from exotic charged Higgs bosons, gauge bosons and
fermions. In the fermionic loop to γγ we take into account the multiplicity coming from the three families,
i.e., three exotic quarks and nine exotic charged leptons. For this reason, the contribution coming from the
charged Higgs bosons is almost negligible. We also take mW±3 ∼ 3 TeV according to experimental constraints
obtained by ATLAS and CMS Collaboration [39]. However, for mW±3 ∼ 3 TeV the associated form factor F1
reaches its asymptotic value so the cross section dependence on mW±3 is suppressed. So, the production cross
section will depend only on the Yukawa coupling hU , the mass of the quarks mU and on the exotic charged
lepton masses mE , mE1 and mE2 . From the lower bound reported by the ATLAS Collaboration searches on
exotic heavy charged leptons [40] we set mE = mE1 = mE2 ∼ 600 GeV.
Taking into account all the above conditions, we display in Fig.2 contour plots of the production cross-
section σ(pp→ ξ → γγ) as function of the up-type quark mass mU and the Yukawa coupling normalized as
hU/4pi for Γ = 1 GeV and Γ = 45 GeV. The lower bound of 900 GeV for mU corresponds to the reported
value in recent searches on top- and bottom-like heavy quarks from ATLAS and CMS Collaborations [41]
and the upper bound of 3 TeV corresponds to the asymptotic value obtained from the fermionic from factor
F1/2. We obtain allowed regions for both Γ = 1 GeV and Γ = 45 GeV widths for the scalar particle of 750
GeV in agreement with the ATLAS and CMS Collaborations data. In Fig.2 (a) we obtain values for hU/4pi
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Figure 4: Contour plots of the production cross-section σ(pp → ξ → γγ) in femtobarns. The dashed line
corresponds to the central value at 6 fb, and the shaded bands corresponds to regions at 68.3% (green), 95.5%
(yellow) and 99.7% (light blue) C.L. exclusion limits from ATLAS and CMS combined data. The shaded red
and gray regions are excluded.
from 0.2 to 1.0 and an allowed mass region for the up-like quark from 900 GeV to 3.0 TeV at 99.7% CL. In
Fig.2 (b) the model is excluded for hU/4pi < 0.6 and mU > 1.5 TeV at 99.7% CL.
Finally, for the case Γ = Γγγ + Γgg + ΓZγ + ΓZZ , we show in Fig. 3 the different contributions in Eq. (40)
for the decay width of ξ. From Fig. 3 (a), the case κ = λ = η = 0 and hU = 0.5 corresponds to pure fermionic
contributions into the loops. We can see that the contributions (ignoring the dominant Γgg) Γγγ , ΓZγ , ΓZZ
have branching ratios of order 64%, 25%, 11% respectively. On the other hand, the case κ = λ = η = 0.5 and
hU = 0.5 in Fig. 3 (b), corresponds to both fermionic and bosonic contributions into the loop with BRγγ ,
BRZγ , BRZZ of order 43%, 56%, 1% respectively.
In this way, and taking into account current bounds on ΓZγ/Γγγ and ΓZZ/Γγγ [42], we display in Fig.4
contour plots of the production cross-section σ(pp→ ξ → γγ) in the ΓZγ/Γγγ-ΓZZ/Γγγ plane. For simplicity,
we have set λeff ≡ κ = λ = η = hU in such a way that the contour plots only depend on mU and λeff .
In general, for low values of mU the ratio ΓZγ/Γγγ is of order ΓZγ/Γγγ ∼ 1, and for greater values of mU
we have ΓZγ/Γγγ < 1. We also observe that the greater the ratio ΓZγ/Γγγ , the stronger the coupling λeff .
However, if λeff > 3 the model is completely excluded by the bound ΓZγ < 20Γγγ for all mU .
4 Summary
We have presented an anomaly-free model based on the electroweak-strong unification group SU(6)⊗U(1)X ,
containing the SU(3)C ⊗SU(3)L⊗U(1)X as a subgroup. We break the gauge symmetry down to SU(3)C ⊗
U(1)Q and at the same time give masses to the fermion fields in the model in a consistent way by five Higgs
fields Φ, H1, H2 , H3 and HS . These Higgs fields and their VEVs set two different mass scales: υ = 256 GeV
10
<< V . From the mixing terms between the real fields ξ1 in H1 and ξS in HS , we obtain two real scalar fields:
our candidate for the 750 GeV signal ξ, and one ξ′ at the TeV scale. For the analysis of the diphoton decay,
we take into account all the possible decay modes of the 750 GeV candidate considering three approximations
for the decay width: Γ = 1 GeV, Γ = 45 GeV and Γ = Γγγ+Γgg+ΓZγ+ΓZZ . Then, taking various simplified
assumptions on the parameter space, we show that the states U , E, E1, E2, W±3 , H±1,2 and φ±3 into the loop
can explain the diphoton excess for each one of the width approximations according to ATLAS and CMS
bounds on all the particle masses involved and on the decay widths ΓZγ and ΓZZ .
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